presented by using a two-dimensional photonic crystal. The designed logic gate is based on the interference effect. The proposed structure consists of several photonic crystal waveguides connected by 2 nanoresonators. The nano-resonators are designed to reduce the size of the radius of the dielectric rods. The contrast ratios and delay time for the proposed all-optical encoder are respectively 6dB and 125fs. The size of the structure is equal to 132µm 2 . Equality of the output power in the logic states "one", small dimensions, low delay time, compact and simple structure have shown that the logic gate is suitable for optical integrated circuits.
One of the goals of research in new communication networks is to achieve ultra-fast transmission speeds. For this purpose, all communication steps, such as sending, receiving, and processing information on the network, should be performed in a full optical form [1] [2] . To realize these all-optical communication networks, alloptical devices are required for each sector. For this reason, all-optical devices have attracted the attention of many researchers. So far, all-optical devices have been introduced in a variety of platforms [3] [4] [5] . One of the platforms that is suitable for designing ultra-compact and extremely low-power optical circuits is the photonic crystal substrate [5] [6] . The principle of the photonic band gap allows the designer to confine and control the light in ultra-small spaces. According to this principle, the light with a specific frequency which is in the band gap, does not propagate in the photonic crystal structure. To date, various optical devices such as all-optical filters [7] , alloptical multiplexers [8] , all-optical sensors [9] [10] , alloptical logic gates [11] , and so on have been designed and presented.
An all-optical encoder is an all-optical logic gate with 2n input and n output ports. At any time, only one of the input ports is active and the other input ports are disabled [12] . Given the activation of the input, the binary code is generated at the output ports. This logic gate is used in channel encoding blocks of communication links and producing binary codes in optical analog-to-digital converters.
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In 2015, by placing two elliptical rings in a square photonic crystal structure, a 4 to 2 encoder was proposed [13] . Its mechanism is based on the use of nonlinear materials. The output power of over 40% of input power is considered to be the logical level of one, which is the low output intensity. Moniem presented a 4 to 2 encoder using 4 photonic crystal ring resonators [14] . In this structure, in addition to 4 input ports and 2 output ports, 2 input bias ports are considered. The ratio of the output power received to the input power is acceptable, but 2 sources of the bias input significantly increase the power consumption. The other 4 to 2 encoder is designed in a GaAs photonic crystal substrate [15] . In this structure, the minimum power required to start the encoder is 1kw/μm2, which is high power compared to other structures. SeafDargahi has proposed an encoder using 4 ring resonators without using nonlinear materials [16] . The output power is different for logical level of one equivalent of 42 to 90 percent of input, which is considered to be the main fault of this structure.
In general, the mechanism of logic gates based on photonic crystals is divided into three categories [17] [18] [19] . The first method is the use of nonlinear materials in the photonic crystals structure. In this kind of logic gate, high contrast ratio is obtained, but the delay time is high and requires high input optical power. The second method is the interference effect. The destructive and constructive interference determines the amount of light transmitted to the output. In this category of logic gates, high input optical power is not needed, and delay time is less than the first method. In the third method, the self-collimation method is used.
The efficiency of optical logic gates is examined by several parameters. One of the parameters is contrast ratio. The contrast ratio represents the distinction between the logical level "1" and "0" in the received optical power [20] . This parameter is defined as: (1) where Pon is the optical power value for the logic "1" and Poff is the optical power for the logic "0". The contrast ratio is calculated in the worst performance conditions of Ultra-fast and compact all-optical encoder based on a photonic crystal nano-resonator without using nonlinear materials the designed logic gate, so the lowest value of Pon and the highest Poff is considered. Another parameter for checking the efficiency of logic gate is the logic gate response time to the input signal (or delay time), which is a factor in the speed of data transmission by that logic gate [21] . The lower delay time will mean the higher data transmission speeds. Depending on the type of resonance used for design, the delay time will be different.
The fundamental photonic crystal is a two-dimensional photonic crystal hexagonal structure of repetition of cylindrical dielectric rods in an air substrate. The radius of the dielectric rods is equal to 115nm. The refractive index of the rods is 3.4757, which is a refractive index of silicon at 1550nm. The choice of silicon as a material allows this piece to be used with other silicon-based components in optical integrated circuits. The distance between the centers of two neighboring rods, which is called the lattice constant, is equal to 640nm. The overall thickness of the rods is 220nm.
The band gap structure is calculated using the plane wave expansion (PWE) method. The band gap diagram is shown in Fig. 1 . As shown in Fig. 1 , the band gap of this structure ranges from a/λ=0.292 to a/λ=0.477. This range is limited to a wavelength of 1341nm to 2191nm. From the transverse electric (TE) polarization and transverse magnetic (TM) polarization, the suitable polarization for the electromagnetic wave is the TM polarization.
The structure of the proposed all-optical encoder is shown in Fig. 2 . The structure consists of several photonic crystal waveguides connected by two Nano-resonators. Four ports (I1 to I4) are designed for light input to the structure and two ports (O1 and O2) to receive light from the structure. When input port I1 is active, both outputs must be zero. For this purpose, it is arranged that the waveguide connected to the port I1 is not connected to the output ports. As a result, this port can be considered at any point in the structure and can be changed depending on the use of the encoder. On the other hand, an output can be considered if needed. With this output, this state can be explained by the fact that the pair of inputs are zero. In the design, because the small size is important, this port is located between two output ports and connected to a short waveguide.
Nano-resonators are designed to reduce the size of the radius of the rods. One of the purposes for designing this all-optical encoder was that the output power was equal in different states. With the choice of a nano-resonator radius sized of 64 nm, this goal was achieved.
To simulate the all-optical encoder function, each of the I1 to I4 ports is connected to a Gaussian optical source with a central wavelength of 1550nm. By placing two monitors in the O1 and O2 ports, the output power is calculated. According to the truth table of encoder, 4 states are considered. In each state, one of the inputs is active (at a logical value of one) and the other inputs are lacking optical power.
State 1: The optical power density at the port I1 is equal to Pin=1mW/μm 2 , and in the other input ports, the optical power is zero. In this case, the input light is limited at the end of the waveguide and does not find a way to the output waveguides. As a result, there will be no optical power in both outputs and the power level is zero. The pattern of the electromagnetic field in the structure is shown in Fig. 3 .
State 2: In this state, the I2 port's power is Pin and other inputs are zero. Figure 4 shows the electromagnetic field pattern of light in this case. As shown in Fig. 4 , the input light passes through the nano-resonator 1 to the O1 output. Most of the light input goes to O1 and a small percentage of light is received at the O2. The output power of O1 is 0.461·Pin and for O2 is 0.051·Pin.
State 3: In this state, only the power of the I3 is Pin. In this state, the light enters the bottom input waveguide and transmits it through the nano-resonator 2 to the O2. The optical power received in this case is similar to state 2.
The optical power at O1 is 0.051·Pin and at O2 is about 0.461·Pin. Figure 5 shows the pattern of the electromagnetic field. Fig. 3 . The electromagnetic field pattern for the all-optical encoder when the input signal of I1 is one. State 4: The input signal of I4 is active and the light enters the structure through the intermediate waveguide.
As the electromagnetic field behavior is known, light passes through both nano-resonators to both output waveguides ( Figure 6 ). In this case, the optical power in each output is 0.456·Pin.
These four modes are summarized in Table 1 . Since no nonlinear material is used in the design of the structure, low input power is required. The size of the all-optical encoder is small and equal to 132µm 2 . The logic gate is only formed by placing two nano-resonators, which is a simple structure. These features make it possible to use this encoder in optical integrated circuits.
The delay time of this logic gate is obtained at cT=70 μm. Therefore, the delay time is obtained as 125fs. 
